Bone marrow stem cells (BMSCs) 
Стволовые клетки костного мозга (СК КМ) conduits. In such a case guidance of proximal end towards the distal end is expected to help bridge the gap and thus accelerate healing.
Nerve guides with inner guiding elements were reported to be better in terms of guidance of the severed ends of the nerve fibers than those without (Stokols et al., 2006) . Combined use of guidance structures and cells (such as Schwann cells) were shown to improve healing (Wu et al., 2016) .
Electrospinning is widely used to fabricate nano-and microfibrous structures for use in the biomaterials field, and the aligned nanofibers help organize the cells seeded on them to form highly anisotropic tissues such as the nerve, cardiac tissues and muscles. Aligned fibrous structures were shown to be more effective for neuronal differentiation due to their topographical cues for cell elongation (Yang et al., 2005; Yucel et al., 2010; Zhao et al., 2017) . Yang et al. (2005) studied the effect of aligned poly(L-lactic acid) (PLLA) nano/micro fibrous scaffolds for neural tissue engineering and showed that the direction of nerve stem cell (NSC) elongation and its neurite outgrowth is parallel to the direction of PLLA fibers for aligned scaffolds (Yang et al., 2005 (Prabhakaran et al., 2009 ).
The polymer used to prepare the foam and the fibers was a natural polyester, poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV).
It is widely used in biomedical applications as sutures, wound dressings, drug delivery, and tissue engineering scaffold material (Arslantunali et al., 2014) . The fibrous mats contained also collagen type I to make the scaffold more attractive for cell attachment. Collagen type I is the most abundant collagen type in the nerve tissue (Kaemmer et al., 2010) . Furthermore, collagen-based materials was shown to promote neurite outgrowth and the nerve regeneration (Prabhakaran et al., 2013) .
In this study, a bilayer fiber-foam construct was produced to create an appropriate microenvironment for the regeneration of damaged peripheral nerves. The bilayer structure consisted of aligned or random fiber mats formed on a sponge substrate layer and electrospinning was designed to study the influence of the organization of the guidance elements on the orientation, morphology and differentiation of the rBMSCs seeded. In addition, a novel medium with known contents for optimum differentiation of these cells was designed to make this test system a model system for similar studies. The model system consisting of a bilayer fiber-foam scaffold revealed influence of surface organization on cell orientation, growth, and differentiation of the BMSC into nerve cells.
Methods

Preparation of the fiber-foam construct
PHBV solution (5%, w/v, in chloroform and dioxane (2:3, v/v)) was frozen and lyophilized for 8 h to prepare the foam component of the bilayer (Fig. 1) . The upper layer was either an aligned or a random fibrous mat fabricated by electrospinning adapted from a procedure published earlier by our group (Yucel et al., 2010) . In this case, the foam was attached onto the sigmoidal shape collector and electrospun fibers were deposited on the foam. For aligned fibers the collector was a copper plate with parallel grids (Fig. 1A ) and for random fibers the collector was an aluminum foil ( Fig. 1B) . For the fibers, a solution of PHBV/ Collagen (2:1, 5%, w/v) in HFIP was electrospun at a flow rate of 4 µL/min, a potential of 9 kV using a syringe at a distance of 11 cm.
Characterization of the foams
The average pore size and pore size distribution were determined by mercury porosimetry. The topography of the scaffolds was studied by SEM after coating with gold-palladium.
Orientation of the fibers were calculated using Image J program (NIH, USA) from the SEM micrographs.
Isolation and characterization of rBMSCs
Isolation of rBMSCs was performed according to a procedure developed earlier by our group using a six week old rat (Yilgor et al., 2010) . The cell surface antigens investigated were mesenchymal stem cell (MSC) marker CD90, and hematopoietic lineage markers CD45 and
CD11b.
Cell seeding 
Selection of the differentiation medium
Three different induction protocols were tested to find the best to differentiate BMSCs into neurons. Protocol 1: BMSCs were cultured in Mesenchymal Stem Cell Neurogenic Differentiation Medium (Promocell, Germany) for 7 days. Protocol 2: BMSCs were cultured for 24 h in the preinduction medium (PI, containing 10 ng/mL Epidermal Growth Factor, 10 ng/mL basic fibroblast growth factor, 2 mM valproic acid, no FBS). After preinduction, the cells were cultured with neural induction medium (containing 2 mM VA, 50 ng/mL Insulin-like Growth Factor 1, and 2% B27, no FBS) for 6 days.
Protocol 3: BMSCs were cultured in a PI medium for 24 h, and then Protocol 1 was applied for 6 more days. Differentiation degree of cells was determined by using flow cytometry according to a procedure developed earlier by our group (Sayin et al., 2015) .
NSE Determination
Neuron-Specific Enolase (NSE) is a 
Statistical Analysis
Statistical analyses were performed using a Student's t-test with a minimum confidence level of 95%, p values smaller or equal to 0.05 were considered statistically significant.
Results and discussion
Characterization of the polymeric scaffolds
The 
Characterization of rat BMSCs
Characterization of the cells isolated from rat bone marrow was done with flow cytometry.
Cell surface markers investigated were the 
Cell alignment on the fibrous mats
Fluorescence microscopy revealed that cells on AF-Fo samples were aligned (Fig. 6A) on Day 16, meanwhile, on the RF-Fo construct there was no alignment; they extended in all directions as expected (Fig. 6B ). Cells were seen to form contacts with each other. Standard deviation on the aligned fibers was found to be 11° and much higher on random fibers (53°). It was reported earlier that aligned polymer fiber- After the selection of the medium rBMSCs were seeded on the fiber-foam bilayer constructs.
Immunochemistry was performed for NSE and nestin to study and compare the differentiation level of these cells. NSE appears at the onset of neurogenesis and continues to increase well after neurogenesis ends, during the period of early neuronal differentiation (Jørgensen & Centervall, 1982) . It was observed that NSE levels of the rBMSC seeded on both scaffolds were distinctly higher when cultured in the differentiation medium, proving that the rBMSCs were differentiated into neurons on the bilayer fiber-foam constructs (Table 3 ). Fig. 7 . Expression of nestin and β-tubulin after differentiation studies. (A) Expression control and three different differentiation protocols, (B) Expression of β-tubulin wit three different differentiation protocols 
